The incidence of diapause in the polyphagous spider mite Tetranychus kanzawai was determined for 65 populations derived from deciduous and herbaceous hosts and for 33 populations from tea, at 3 temperatures under short-day conditions. Most populations on the four main islands of Japan, irrespective of the host species on which they occurred, expressed more than 90% diapause at 15°C, whereas populations on the Okinawa islands exhibited a very low incidence or no diapause. The incidence of diapause decreased when temperature was increased from 18 to 20°C in populations from warmer areas such as southern Kyushu and Honshu. This temperature-dependent decline in diapause incidence was most conspicuous in populations from Tanegashima and Yakushima Islands. The incidence of diapause at 20°C tended to be lower in populations derived from tea than those from deciduous hosts in the same, warmer areas, showing that the former have a lower capacity for diapause. The present results, together with previously published data for T. urticae, showed that the lower temperature threshold for diapause induction was higher in T. kanzawai than in T. urticae and thus the clinal decrease in diapause percentage occurred at much lower latitudes in the former at 20°C.
INTRODUCTION
The polyphagous spider mite, Tetranychus kanzawai Kishida, is a serious pest of various crops such as tea, fruit trees and vegetables and is distributed throughout Japan. Unlike its close relative, T. urticae Koch, which is observed mainly on cultivated plants, T. kanzawai also commonly occurs on wild plants.
As in some Tetranychus species, T. kanzawai enters a reproductive diapause in response to shortdays and low temperatures in autumn, and overwinters as a diapausing adult female. Thus, T. kanzawai has been thought to have a stronger capacity for diapause than T. urticae with large variation in diapause characteristics (Takafuji et al., 1991) . However, Takafuji and Gotoh (1999) reported that the populations of T. kanzawai on Okinawa Island had a very low diapause capacity, and some expressed no diapause at 15°C. Osakabe (1967) reported that all developmental stages exist on tea in mid-winter of southern Kyushu and Shikoku. Takafuji and Morishita (2001) also observed a high proportion of immature stages throughout the winter on an evergreen host in central Wakayama Prefecture. These results suggest the presence of non-diapause individuals in winter also in southern Honshu where hosts are continuously available.
While T. kanzawai, together with T. urticae, is the most common and economically important spider mite species in Japan, the diapause characteristics of different geographical populations have not been fully elucidated.
In this study, we examined the capacity for diapause of different geographic populations collected at various localities in Japan. Furthermore, we paid special attention to the possible differences in diapause characteristics between populations derived from tea and those from deciduous or herbaceous host plants. Having a wide host range, T. kanzawai shows a diversification in host preference and in some cases reproductive incompatibility is detected among populations occurring on different host species (Gomi and Gotoh, 1996; Gotoh et al., 1999) . In unstable habitats where available host plant species differ seasonally, mites often switch from one host to another (Morishita and Takafuji, 1999) . On the other hand, tea is a unique host plant Appl. Entomol. Zool. 36 (1): 177-184 (2001) Host-related differences in diapause characteristics of different geographical populations of the Kanzawa spider mite, Tetranychus kanzawai Kishida (Acari: Tetranychidae), in Japan of T. kanzawai, as tea fields provide a consistently stable and large-scale habitat for the mites throughout the year. Thus, mite populations on tea may have evolved a unique life-cycle strategy. We hypothesize that continuous availability of food resource throughout the winter may favor the occurrence of individuals that overwinter without diapause and therefore a lower capacity for diapause in populations occurring in tea fields provided that the winter climate is relatively mild.
MATERIALS AND METHODS
Mites. Sixty-five mite samples were taken from plants other than tea, i.e., deciduous trees such as Clerodendrum trichotomum, and herbaceous hosts such as clover (Appendix 1). Emphasis was placed on populations in warm areas as preliminary studies had shown that populations in cold climates had an invariably strong capacity for diapause. We collected 33 mite samples in mostly commercially grown tea fields (Appendix 2). Because commercial tea production is limited to moderate climatic zones in Japan, mites collected from tea were derived from areas lower than 36°N. Most samples from the two host types were collected during the reproductive season of the mites from May to October.
Diapause induction. We transferred more than 30 randomly chosen adult females from each local sample to four detached bean, Phaseolus vugaris L., leaves. The bean leaf was pressed on a pad of cotton wool with foam plastic saturated with water in a petri dish (9 cm diameter and 1.4 cm depth). All four dishes for each local sample were kept together in a plastic container and thus the relative humidity inside the container was maintained at higher than 70%. When the number of field-collected adult females in a sample was smaller than 90, they were reared one generation on detached bean leaves at 25°C: 16L8D to obtain enough females for the diapause experiment. Our preliminary experiment using populations No. 33 (from C. trichotomum; Appendix 1) and No. 25 (from tea; Appendix 2) confirmed that the kind of host plant species the mites fed on had no influence on the incidence of diapause of their offspring.
Females were allowed to oviposit for 2-4 days at 25°C: 16L8D, and then removed. The offspring (on four bean leaves in each plastic container) were reared at 15, 18 or 20°C under a daylength of 9 h to determine the incidence of diapause. We examined the diapause status of females about a week after adult emergence. Females that had turned orange in body color were considered to be in diapause and those that remained yellow-green non-diapause (Lees, 1953; Goka and Takafuji, 1990 ). We did not change the bean leaves during the experiment. If the leaves looked heavily deteriorated, we excluded the mites on those leaves from the analysis. Figure 1A -C shows the diapause percentages in populations derived from non-tea (deciduous and herbaceous) hosts at three temperatures under short-day conditions. At 15°C (Fig. 1A) and 18°C (Fig. 1B) all populations, except those from southern Kyushu including Tanegashima and Yakushima Islands and those from Okinawa Prefecture, exhibited more than 90% diapause (Fig. 1A ), but at 20°C (Fig. 1C ) some populations showed a reduced diapause incidence. Temperature influenced the incidence of diapause most conspicuously in populations from Tanegashima and Yakushima Islands (Nos. 44-55). In most of these populations the incidence of diapause showed a drastic decline between 18 and 20°C (Appendix 1). For example, in population No. 46 the incidence of diapause changed from 99% at 18°C to 14% at 20°C. A similar but less pronounced temperature effect was also observed in some populations from southern Kyushu (Nos. 41 and 43) and southern Wakayama Prefecture (29 and 30).
RESULTS
The majority of populations in Okinawa Prefecture exhibited a very low capacity for diapause. Even at 15°C, the maximal incidence of diapause was 40% (No. 56). Almost no diapause was observed in two populations from Okinawa Island (Nos. 59 and 61) and all four populations (Nos. 62-65) from Ishigaki and Iriomote Islands (Fig.  1A) . Figure 2A -C shows the diapause percentages in populations derived from tea. At 15°C all populations, excluding those from Tanegashima and Yakushima Islands, exhibited higher than 90% diapause ( Fig. 2A) . With increasing temperature, the incidence of diapause decreased in populations from southern Shizuoka and Wakayama Prefectures (southern Honshu) and southern Kyushu, as well as those from Tanegashima, Yakushima and Okinawa Islands ( Fig. 2B and C). At 20°C (Fig.  2C ) the two populations (Nos. 30 and 31) from Tanegashima and Yakushima Islands showed a very low incidence of diapause and those from Okinawa Island (Nos. 32 and 33), no diapause. Table 1 compares the diapause percentage between populations from tea and those from non-tea hosts, both of which occurred in the same area. In only the Shizuoka and Kagoshima areas, did mites differing in the original host plants show a significant difference in diapause percentage at 20°C: the incidence of diapause was significantly lower in populations derived from tea than those from deciduous and herbaceous hosts. A lower diapause percentage associated with populations from tea was also observed in Okinawa and the YakushimaTanegashima areas, but the differences were not statistically significant, probably due to the small number of populations tested. At lower temperatures no significant difference was detected in any area except for the Yakushima-Tanegashima area at 15°C, although again populations from tea in Okinawa and the Yakushima-Tanegashima areas tended to exhibit lower diapause percentages.
DISCUSSION
The present results indicate that the populations on the four main islands of Japan (from Hokkaido to Kyushu) all have a distinct diapause capacity. Most of them expressed more than 90% diapause at temperatures lower than 18°C. At 20°C, the incidence of diapause tended to be slightly reduced only in populations in southern Honshu and Kyushu. A marked temperature effect on diapause expression was observed in populations from Tanegashima and Yakushima Islands, in which a remarkable difference in diapause incidence was observed between 18°C and 20°C. Populations with little or no capacity for diapause were distributed only in the Okinawa islands. Thus, the clinal change in diapause percentage in T. kanzawai occurred within a small latitudinal range in the far south.
The present study also shows that the capacity for diapause tends to be lower in populations derived from tea than in populations from deciduous and herbaceous hosts. This tendency is shown most clearly at 20°C at which mites with a low capacity for diapause may not express diapause. At 15 and 18°C, any small difference in diapause propensity between populations derived from the two host types, if existent, seemed to be masked. In addition, the host-related difference in diapause capac-
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A. Takafuji et al. ity was only significant in populations occurring in warmer regions. In areas of moderate and cold winter, such as northern Kyushu and Kyoto and Gifu Prefectures, the diapause propensity of populations from tea are as high as those from deciduous and herbaceous hosts. Tea fields appear to provide T. kanzawai with suitable food throughout the winter. Osakabe (1967) studied the overwintering of the mites in tea fields in various areas of Japan. He found that all stages including non-diapause adult females occur even in mid-winter in Kagoshima and Kochi Prefectures, indicating that some individuals may continue growth and reproduction throughout the winter. On the other hand, in Saga Prefecture of northern Kyushu, only females in diapause were observed from late November to mid-March, indicating that only the females in diapause may survive the winter successfully, as observed for mites on deciduous hosts.
Takafuji and Morishita (2001) found that in central Wakayama Prefecture with a mild winter, the overwintering stage of T. kanzawai varied depending on the host plant. Various stages including reproductively active adult females were observed on an evergreen host, Akebia quinata, throughout the winter, whereas only adult females in diapause were surviving on deciduous and herbaceous hosts in the same area.
On Ishigaki and Iriomote Islands of Okinawa Prefecture, Mallotus japonicus, a host plant of T. kanzawai, which is deciduous on the main islands of Japan, does not defoliate in the autumn and supplies fresh leaves to the mites throughout the winter, ensuring their successful overwintering without diapause.
The above observations, coupled with the results of the present study, indicate that the continuous availability of food resource throughout the year may favor the non-diapause trait or a low diapausepropensity by which reproduction is possible when winter is mild.
The incidence of diapause in T. urticae, a close relative of T. kanzawai, varies gradually from nearly 100% in Hokkaido and Tohoku populations to nearly 0% in southwestern Honshu populations at 18°C (Takafuji et al., 1991) . Non-diapause populations of T. urticae, which do not express any diapause even at 15°C, are common in western Honshu, Shikoku and Kyushu, as well as on Okinawa Island (Takafuji et al., 1991; Takafuji, 1994; Takafuji and Gotoh, 1999) . Thus, T. kanzawai has a stronger capacity for diapause than does T. urticae in southern Japan and the lower temperature threshold for diapause induction is higher in the former. This fact is probably due to the former having its origin from more southern areas. Goka, K. and A. Takafuji (1990) 
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